I. INTRODUCTION
The dynamics of the induction motor (IM) is represented traditionally by differential equations by using the space vector concept [1] and one allows to use the complex transfer function [2] . One can obtained by application Laplace transform in complex differential equations. The complex transfer function of the induction motor allows the design and tuning of current controllers in field orientation control (FOC) [3] , [4] .
An alternative for FOC IM drives is to use the direct torque control (DTC) in which the stator flux ½ and torque Ì are controlled [5] , [6] . The complex transfer function has not been applied on this strategy. Based on the IM model and by using the complex transfer function this work proposes the complex controller to the FOC and DTC strategies control. This controller is a complex proportional gain that is designed and tuned by using the controller-IM close loop frequency response function. Experimental results are presented for validation of the controller.
II. COMPLEX MODEL OF THE INDUCTION MACHINE
The IM model is written in the synchronous reference frame (dq) and the state variables are stator current ½ and stator flux ½ .
where
and is the leakage coefficient. The machine dynamics is given by
The subscripts 1, 2 and m represent the parameters of stator, rotor and magnetization respectively, Ñ is the machine speed, R is the resistance, L is the inductance, Ú is the voltage vector , the symbol "*" represents the conjugate, P is the number of pair of poles, Â is the load inertia and Ì Ä is the load torque.
It is assumed that the mechanical time constant of the motor is much larger than the transient electromagnetic time constants. Thus, Ñ constant is a valid approximation and it allows to use the Laplace transform in Equation (1) . The complex transfer function of IM block diagram, by using Equations (1)- (6) , is shown in Figure 1 .
III. DIRECT FIELD ORIENTATION CONTROL
The direct rotor field orientation control (DFOC) allows to control the flux magnitude ¾ and torque Ì by the stator currents with the relationship given by 
978-1-4244-1874-9/08/$25.00 ©2008 IEEE 
where is the real part of the complex gain, is the imaginary part of the complex gain, ½ is the error between ½ Ö and ½ and ½Õ is the error between ½Õ Ö and ½Õ . The DFOC strategy with the complex controller is shown in Figure 2 . The reference stator voltage vector Ú ½ Õ is transformed by using rotor flux angle AE Ö to obtain the stator voltage at stationary reference frame «¬ as done in the next section.
A. Rotor Flux Estimation
The stator flux estimation is given by
A good flux estimation at low speed using Equation (12) is obtained by using the integration method given by [7] . The rotor flux estimation is done by 
B. DESIGN OF COMPLEX GAIN
The tuning of complex gain requires the transfer function closed loop of system controller-IM, to obtain its frequencyresponse function (FRF). The IM closed loop transfer presented in Figure 1 without machine dynamics, Equation (6), and considering slip approximately null is given by
and it is presented in Figure 3 at the frequency 4.16 ÀÞ in accordance with the IM desired speed to design the complex gain. As the variables at synchronous referential are constants the current ½ Õ phase is neglected. In accordance with control theory the controller-IM block diagram to obtain the closed loop transfer function is presented in Figure 4 . Figure 4 is given by
and
The frequency is chosen in accordance with the IM desired speed. At the frequency of 4.16 ÀÞ the complex gain is ¾ by using simulations and Bode criteria. Equation´s (16) FRF is presented in Figure 5 and it has got the stability criterion for FRF, at 4.16 ÀÞ due to the gain is approximately null. 
where is the real part of complex gain, is the imaginary part of complex gain, is the flux error signal and Ì is the torque error signal.
The block diagram of the strategy with the complex gain is presented in Figure 6 . The reference stator voltage vector Ú ½ Õ Ö is transformed by using stator flux angle AE × to obtain the stator voltage at stationary reference frame «¬.
The stator flux estimation is obtained by using Equation (12) 
As the stator flux magnitude ½ is assumed to be essentially constant and by using Equations (15), (23) and (24) the new transfer function is given by
and it is presented in Figure 7 at frequency 4.16 ÀÞ to tuning the complex gain. Then, from Equations (19) and (25) one obtain the controller-IM block diagram and it is presented in Figure 8 . (26) is shown in Figure 9 and its magnitude is near 0 dB. In this case the system is stable. The DFOC and DTC strategies were implemented using a Texas Instruments DSP TMS320F2812 platform. The system consists of a three-phase VSI with insulated-gate bipolar transistors (IGBTs). The stator voltage commands are modulated by using symmetrical space vector PWM, with switching frequency equal to 2,5 kHz. The DC bus voltage of the VSI is 226 V. The stator voltages and currents are sampled with frequency equal to 2,5 kHz. A conventional PI controller generates a torque reference by using the speed error. The flux and torque estimation, and the flux-torque complex regulator and speed controller have the same sampling time equal to 2,5 kHz. The encoder resolution is 1500 points per revolution.
Three tests were made with no load IM. In the first is a response to a torque step of 12,2 Nm is shown in Figure 10 . The ½Õ Ö is calculated by Equation (8). One can be observe that the response time is 25 ms and the reference is followed with a small oscillation. This oscillation occurs due to errors in measurements of currents and voltages.
In the second test the speed varies in forward and reversal operation and the result is presented in Figure 11 . The speed changes from 125 rpm to -125 rpm in 1 s. One can see the satisfactory performance of the controller because the speed reaches the reference. The small error occurs due erros in the measurement of the speed. Although the complex gain design had been ajusted for a given speed, it works well for other speeds. Figure 12 presents the speed response with a step operation. The speed changes from 60 rpm to -60 rpm. One can see that the controller works satisfactory again and the desired speed is reached.
VI. CONCLUSION
The concept of complex vector notation associated with the complex gain allows the design and tuning the complex controller by using the controller-IM FRF.
The experimental results presented shows a satisfactory performance for speed/torque control in DTC and FOC strategies in steady and transients states although the complex gain design has been adjusted for a given speed, it works well for other speeds. Thus, the complex vector notation and the complex controller become a good tool for implementation IM drives. 
